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Abstract 
Due to its low durability, the bamboo preservation is needed to prolong the bamboo lifespan. Although the preservatives have a 
great impact to make bamboo lifespan longer, some of bamboo preservation methods use chemical additives that have a negative 
impact on environment. Since there are so many kinds of bamboo preservation used, the observation study was carried out to 
reveal the bamboo preservation methods used by society in Indonesia. Three kinds of bamboo preservations were assessed, they 
are traditional method, modern method and the one which does not belong to traditional or modern one but it is generally used by 
some of society (trial-error). The object of the study is to assess the impact of bamboo preservation method used by society. Life 
Cycle Assessment (LCA) method and eco-costs as marginal prevention cost were used as a tool analysis of this study. 
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1. Introduction 
Bamboo preservation method is divided into two types: the traditional methods that use natural processes and 
modern methods that involve technologies and chemical additives. Table 1. Shows the current bamboo preservation 
methods used by society: 
          Table 1. Types of Bamboo Preservation Methods 
 
 
 
 
 
 
 
 
 
 
Due to the number of bamboo preservation methods that exist in society, it takes a long time to assess the overall 
preservation methods. Besides, the characteristics of bamboo preservation method in each region will be different 
depending on the society knowledge on the preservation techniques and the availability of curing agent. For 
example In Indonesia, the traditional bamboo preservation methods are mostly done by soaking and lime washing, 
as well as a small portion is done by boiling and spraying [1]. Unlike in Philippines, most of the traditional 
preservation is done by incubation in a bamboo grove, while in India and Costa Rica bamboo preservation is done 
with bamboo construction techniques such as plaster, as well as fumigation is largely conducted in Colombia and 
Japan [2].  
So did with modern methods, in Indonesia, Vertical Soak and Diffusion (VSD) is performed by the majority of 
bamboo preservation plant with chemical additives such as borax-boric acid, borax-boric-acid which are also used 
for soaking process in Thailand. Dip diffusion with Copper Chrome Boron (CCB) is conducted in Costa Rica, the 
tank pressure is in Taiwan and Boucherie method is in India [2]. 
In addition, preservation method by the addition of chemicals is known to be the most effective and efficient 
because it takes a short time with the bamboo durability is longer [3] [4]. The chemical used in the bamboo 
preservation is Zinc Chloride/Copper Sulphate, Borron, Sodium Penta Chloro Phenate (NaPCP), Copper Chrome 
Arsenic (CCA) and Copper Chrome Boron (CCB) [5]. 
Although it helps bamboo to prolong its lifespan, the use of chemicals in bamboo preservation process turns out 
to add new harmful problems. It is disclosed that Copper Chrome Arsenic (CCA) is one of the most well know 
curing agents that is commonly used to preserve bamboo and wood, but its usage should be restricted because it is 
toxic to humans [6]. In addition, the use of several preservation techniques that have been developed requires high 
temperatures during the curing process [4] and the use of tank pressure needs fuel and high combustion temperatures 
that lead to the consideration of energy consumption. 
Due to the positive and negative impact of bamboo preservation method to the environment, Life Cycle 
Assessment (LCA) is needed to assess the potential damage of bamboo preservation. Although bamboo is 
considered as an environmentally friendly material, just a few environmental impact assessments using LCA is used 
for bamboo. The study discussed by Richard Murphy [7] focuses on the comparison of the use of bamboo stem 
(Guadua) combined with mortar (based on traditional techniques of Baharaque) as a structural material for social 
housing in Colombia with a similar house built with stone and concrete. The research results reveal that the 
environmental impact of bamboo is about a half of the concrete. The study focuses solely on bamboo stems obtained 
from the surrounding environment (not industrial) 
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Fig. 1. LCA and Eco-costs Methodology Flow Chart 
 
 
While other study was conducted by Pablo van der Lugt [8] [9]. In addition to bamboo stem, this study assesses 
Plybamboo using LCA indicators in the form of eco-costs. The results of the study reveal that the variable 
transportation becomes a major factor in the high eco-costs of production either bamboo as product or bamboo as 
raw material. In addition to transportation, preservation using chemicals also increases the energy consumption 
impact on the high of eco-costs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. System Boundaries of Bamboo Preservation Method 
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To complement Pablo van der Lugt’s research, this study focuses on the eco-costs of bamboo preservation where 
the curing process becomes a dominant factor affecting the price of preserved bamboo. Transportation is a major 
factor in the high of eco-costs, but it can be highly dependent relatively on a range of marketing. Consequently, it is 
not used as factor assessed in this study. There are a number of bamboo preservation methods that exist today, in 
which the variable of bamboo preservation method is tailored to the most common preservation method used in 
society. 
2. Materials and Methods 
2.1 Bamboo Preservation Method in Indonesia 
 
The identification of bamboo preservation techniques used in society was done by qualitative where the data at 
this stage was obtained through observation on:  
-  Indigenous Village in West Java to assess the traditional bamboo preservation method by observing bamboo 
preservation techniques done by the local community.  
-  Plant of bamboo preservation to assess modern preservation methods.  
The results of this observation are shown in the table below: 
 
          Table 2. Bamboo Preservation Methods in Indonesia 
Bamboo Preservation Method 
Traditional Trial-error Modern 
Harvesting process Soaking with camphor and detergents 
Vertical Soak and Diffusion (VSD) with borax-boric 
acid 
Soaking Soaking with salt solution Injection with a chemical solution of Sarpeco 8 
Lime Washing 
Filling or dyeing in a solution of kerosene and 
used oil 
Boiling with borax-boric acid 
  Painting 
 
The results of qualitative data collection in the field reveal that the preservation technique does not belong to the 
traditional and modern methods. Therefore, the method of preservation meant by the authors is as a trial-error 
method in which the method is developed and becomes a general knowledge of society, but it has not been proven 
scientifically. 
 
2.2 Life Cycle Assessment (LCA) and Eco-Costs as Marginal Prevention Costs 
 
The present study follows the methodology shown in Fig. 1 which consists of three phases combining Life Cycle 
Assessment (LCA) and eco-costs as marginal prevention costs. The LCA is performed according to the International 
Organization for Standardization (ISO) numbers 14040 and 14044 [10]. The costs were assessed using the eco-costs 
method [11]. The eco-costs of products are based on the marginal prevention costs during the life cycle (“cradle to 
grave as well as cradle to cradle”) for toxic emissions, material depletion, energy consumption and conversion of 
land. Eco-costs calculations are based on LCA. LCA considers the consequences of chemical additives usage on 
bamboo preservation.  
Evidently, the key to any LCA based calculation is to acquire reliable data about the production process of the 
products or materials assessed. For this reason, extensive inquiries were made in July 2013 and April 2014 through 
observation to the indigenous villages in West Java for traditional bamboo preservation; these are Kampong Naga, 
Kampong Dukuh and Kampong Pulo and direct interview to the custom head of the indigenous village. While the 
modern preservation was made in April 2014 through observation and direct interview to CV Sahabat Bambu 
(Mr.Indra), Jogjakarta and UD Jatimbu (Mr. Daylawan), Malang. 
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2.3. Goal and scope definition 
 
The goal of this study is to measure and quantify the potential environmental impacts and estimate the eco-costs 
as marginal prevention costs of a bamboo preservation process from the usage of preserved additive. 
 
2.4 Functional unit 
 
The functional unit is defined as 1 stem of bamboo. 
 
2.5 System boundaries 
 
Fig.2 shows the system boundaries of bamboo preservation studied. This diagram allows the identification of the 
bamboo preservation process. Material transportation and demolition of preserved bamboo in the end of life are 
outside the system boundaries of this study. 
 
2.6 Inventory 
 
In this study, the inventory data was obtained from direct observation of preserved additive based on database 
eco-costs [12], Ecoinvent V3 and Idemat 2014. Thus, the raw material inventory was calculated to get the amount of 
curing agent and energy consumption in each preservation step. Table 3 shows the gross inventory to preserve 1 
stem of bamboo. 
Table 3. Gross Inventory to Preserve 1 Stem of Bamboo for each Preservation Technique 
Types of Bamboo Preservation 
Inventory 
Curing Agent Unit Energy Consumption Unit 
Harvesting process - - - - 
Soaking - - - - 
Lime Washing 0.05 Kg/FU - - 
Soaking with camphor and detergents 6.36 Kg/FU - - 
Soaking with salt solution 6.36 Kg/FU - - 
Filling or dyeing in a solution of kerosene and used oil 1.75 Kg/FU - - 
Vertical Soak and Diffusion (VSD) with borax-boric acid 0.25 Kg/FU 0.68 kWh/FU 
Injection with a chemical solution of Sarpeco 8 0.012 Kg/FU 0.1 kWh/FU 
Boiling with borax-boric acid 0.19 Kg/FU 0.19 kWh/FU 
Painting 0.04 Kg/FU - - 
3. Results and Discussion 
3.1 Significant Impact Assessment 
Significant impact assessment is needed to determine the most affected area of bamboo preservation techniques. 
It is important to understand how the bamboo preservation impacts the environment and how much its impact on 
environment. The following figure compares three criteria of environmental damage [12] [13] [14], these are human 
health represented by DALY (Disability-Adjusted Loss of Life Years), ecosystem represented by the loss of species 
by year and resources represented by costs due to its depletion. These impacts can be calculated by determining the 
increase of 1 Pt emission of bamboo curing agent included in bamboo preservation techniques. Table 5. shows the 
emission of bamboo curing agent in each type of bamboo preservations. 
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           Table 4. The Emission of Bamboo Preservation Techniques 
Types of Bamboo Preservation Emission (Pt) Human Health Ecosystem Resources 
Harvesting process - - - 
Soaking - - - 
Lime Washing 0.00003 0.00002 0.00002 
Soaking with camphor and detergents 0.05042 0.02308 0.09670 
Soaking with salt solution 0.00601 0.00281 0.00576 
Filling or dyeing in a solution of kerosene and used oil 0.00726 0.00419 0.02531 
Vertical Soak and Diffusion (VSD) with borax-boric acid 0.00191 0.00070 0.00123 
Injection with a chemical solution of Sarpeco 8 0.00069 0.00031 0.00065 
Boiling with borax-boric acid 0.00003 0.00001 0.00002 
Painting 0.00016 0.00012 0.00016 
  
Harvesting technique just includes manpower for its preservation, while soaking technique requires ponds and 
water. The calculation of emission for harvesting and soaking technique has zero emission, based on the principle of 
LCA, neither manpower nor equipment (chain saws, trucks, sheds) is part of LCA. Harvesting by manual equipment 
or soaking bamboo in ponds, there are no eco-costs, neither carbon footprint nor recipe points. 
By determining the emission of curing agent, the environmental damage can be calculated as shown in table 6. 
           Table 5. Environmental Damage of Bamboo Preservation Techniques 
Types of Bamboo Preservation Environmental Damage  DALY Species.yr Costs 
Harvesting process - - - 
Soaking - - - 
Lime Washing 1.53E-09 1.59E-05 2.36E-03 
Soaking with camphor and detergents 2.55E-06 2.12E-02 1.51E+01 
Soaking with salt solution 3.04E-07 2.59E-03 9.00E-01 
Filling or dyeing in a solution of kerosene and used oil 3.66E-07 3.85E-03 3.95E+00 
Vertical Soak and Diffusion (VSD) with borax-boric acid 9.66E-08 6.42E-04 1.92E-01 
Injection with a chemical solution of Sarpeco 8 3.50E-08 2.84E-04 1.02E-01 
Boiling with borax-boric acid 1.29E-09 8.60E-06 2.58E-03 
Painting 7.85E-09 1.11E-04 2.58E-02 
 
Fig. 3 shows that DALY has less little value than the other effects. The line of criteria impact is not visible at all. 
The impact on the ecosystem represented by species loss in a year (species.yr) has a significant impact. Compared to 
the availability of resources represented by the increase of prices (costs), this effect is more significant. In other 
words, the impact assessment on the use of bamboo preservation is greatly affected to the resources, in which this 
impact is defined as resource depletion due to its abundant usage resulted in the increase of prices of raw materials. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Environmental Damage of Bamboo Preservation Technique 
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3.3 Economic analysis 
Eco-costs analysis is used to assess the value of bamboo preservation by converting it into price. In this case, the 
eco-costs mean how much the cost that has to be paid to repair the environmental damage caused by the use of 
curing agent for bamboo preservation. 
          Table 6. Eco-costs of Bamboo Preservation Techniques in Indonesia 
Types of Bamboo Preservation Eco-Costs IDR/kg IDR/FU 
Harvesting process - - 
Soaking - - 
Lime Washing 3 112 
Soaking with camphor and detergents 4,717 44,513 
Soaking with salt solution 888 8,383 
Filling or dyeing in a solution of kerosene and used oil 2,801 26,428 
Vertical Soak and Diffusion (VSD) with borax-boric acid 1,184 2,854 
Injection with a chemical solution of Sarpeco 8 111 1,050 
Boiling with borax-boric acid 143 1,568 
Painting 65 2,811 
 
For more details, the value of eco-costs on any preservation techniques is shown in the fig.4. It should be noted 
that the figure above is not used to describe the comparison which preservation has a higher or lower eco-costs due 
to different aspects of calculation. For example, the preservation techniques both boiling and VSD use curing agent 
of borax-boric acid, but they use different dimension of bamboo stem. Boiling technique uses bamboo stem with 
dimension of 6 m height and 2 cm diameter, while VSD technique uses dimension of 6 m height and 15 cm 
diameter. It is clear that due to difference of bamboo stem dimension, it cannot be compared. The eco-costs value of 
kg (eco-costs/kg) can only be used to assess the emission cost of material itself without any comparison with others. 
However, in the eco-costs database, the calculation process of material uses unit of weight (kg) so that the entire 
process of calculation must be converted into unit of weight. Nevertheless, the difficulty to convert occurs in some 
cases in this study, for example, most of preservation techniques are done to bamboo stem, but for lime washing and 
painting can be only done to architectural elements such as wall, ceiling, window and door. In this case, to compare 
the preservations, the equalization unit becomes important.  
Van der lugt [15] notes that when a material is used as an element in a product in which it fulfills a function 
(called Functional Unit, FU), the required amount of kilograms of the material can be calculated, and it can be 
compared with other materials based on the eco-costs per FU. This may result in completely different outcomes with 
respect to the eco-costs depending on the form or density of the material. Thus, the eco-costs per FU are described in 
the fig.5. 
Fig.5. shows that soaking with camphor and detergent technique has the highest eco-costs of IDR 44,513. It 
means that for each bamboo preserved stem, this technique pays IDR 44,513 for repairing the environmental impact. 
Soaking with camphor and detergents technique is one of trial-error preservations done by society with trial-error 
process, so the amount of curing agent cannot be identified clearly. Since the calculation of eco-costs itself requires 
the quantity of material, 3% solution of curing agent in this technique actually has not been assessed its 
effectiveness for preservation. 3% of solution is too much which means this eco-costs of IDR 44,513 for soaking 
with camphor and detergents techniques can be considered, unless the effectiveness of the solution can be 
accounted.  
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Fig. 5. Eco-costs (IDR)/kg of Bamboo Preservation Techniques 
Fig. 4. Eco-costs (IDR)/FU of Bamboo Preservation Technique 
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While the lowest eco-costs is lime washing technique, which requires for environmental repair as much IDR 112 
per stem. The quantity of solution in this preservation has not been identified scientifically. Unlike the soaking with 
camphor and detergents techniques, lime washing technique is bamboo preservation technique that has been used by 
local communities for decades, so the effectiveness of preservation technique can be considered 
Meanwhile by comparing the two preservation techniques, boiling and VSD, which use borax-boric acid as a 
curing agent, boiling technique has lower eco-costs i.e. IDR 1,568 than VSD technique i.e. IDR 2,854. Boiling 
technique uses borax-boric acid less than VSD technique. It is caused by the fact that boiling technique itself is a 
technique that can preserve bamboo, while the borax-boric acid is used as a catalyst and amplifier so that it is not 
required too much amount of curing agent. VSD technique does rely on preservatives borax-boric acid. In addition, 
energy consumption in the boiling technique is considered zero because the use of bamboo residual as fuel causes no 
emissions. It can decrease the amount of burden to the environment. The eco-costs of boiling technique will increase 
if fuel is replaced with fossil fuel or electrical energy. In boiling technique, the use of fuel is important to consider. 
Furthermore, for modern method, the injection technique of Sarpeco 8 has a lowest eco-costs i.e IDR 1,050, 
while the price of solution itself has the highest cost (around IDR 4 billion for 30 kg by 2014). It is caused by the 
use of solution compound by 1 liter of Sarpeco 8 with 10 liter of water. The high amount of water in a solution 
causes a little amount of curing agent required.  
4. Conclusion  
Based on this study, the bamboo preservation used by society in Indonesia can be described into two types of 
bamboo preservation such in the literary study, traditional and modern method. However, in fact, the society 
improves the knowledge to preserve bamboo by trial-error method utilizing additive material around. Although the 
effect of this kind preservation to preserve bamboo is doubtful, a few of society still uses this. 
By assessing the significant impact of environment caused by bamboo preservation, resources depletion is the 
most significant impact. This impact is especially caused by the decrease of raw material for curing agent that has a 
consequence to the raw material scarcity. As a result, the costs of raw material will increase significantly year by 
year. 
Thus, the economic analysis is to assess the eco-costs of bamboo preservations by counting the price for 
environmental repair caused by the use of curing agent. Mostly, the bamboo preservation improved by trial-error 
method have the highest eco-costs, especially for soaking with camphor and detergents techniques due to the 
amount of curing agent that cannot be identified clearly. The traditional method that use curing agent is the lowest 
eco-costs of all, especially for lime washing. The lime solution has a lower eco-costs than other curing agent.  
Furthermore, the injection of Sarpeco 8 is the lowest eco-costs for modern method, yet it requires a special 
condition. This technique is able to conduct effectively to the dried bamboo stem, while VSD and boiling can be 
conducted to either dried or green bamboo stem.  
The eco-costs are just virtual costs that have no impact to the cost of production process or the price of bamboo 
stem. When the regulations regarding environmental improvements are converted into the unit price of each 
material, the value of the eco-costs will be the additional costs in production process that will increase the price of 
bamboo stem. 
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